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Study on the Operation of a Methanogenic EGSB Reactor under Acid Condition at

pH 6.0
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Abstract : In this paper the methanogenic process under acid condition at pH 6 .0 was studied. Inoculated with neutral granular sludge,
a3.1L EGSB reactor was operated for 345 days, the pH value in the reactor was gradually lowered down, and the acid-tolerant
methanogenic granular sludge was achieved, and the anaerobic EGSB reactor was operated stably under lower pH and lower alkalinity.
At pH 6.0, influent COD 3 000mg/L, COD OLR 5kg/(m®-d), the average COD removal efficiency of the EGSB reactor was
95.0% , while the effluent alkalinity (CaCQ;) was only 328.5mg/L, the biogas production per gram removal COD was 372.2mL
with 57.6% methane content; At pH 6.0, influent COD 4 000mg/L, COD OLR 7.5kg/{m®-d), the average COD removal effi-
ciency was 90.9% , and the effluent alkalinity (CaCO;) was 404.8mg/L, the biogas production per gram removal COD was
446 .3mL with 55.9% methane content. The EGSB reactor was operated at pH 6.0~ 6.1 for 112 days, which showed the stable
methanogenic process was feasible at low pH and low alkalinity.
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HREXBERTZHRENE 1 iR, 4 EGSB
R SN 3L, R X &EBEN 1.92L, 1T
FEX RN 1.18L. £ /IS IR B B 3 b 3 nd A BE K
) UASB i 28, H VSS/SS K 0.57 . BEM 5 &
A 11.9g/LiRB AKA BEAK, BNTE B RKF#H
COD:N:P=100:5:1(133d LAT) & 300:5:1(133d
LS ) AR R & (169d LARAT) 3% NH,C1(169d
LAE) KH, PO ; WM A I A B W R EMINE
JEE (Fe; (SO, )3 3.57mg/L; ZnS0, - 7TH,O 0.44mg/
L; NiSO, - 6H,0 0.89mg/L; Na,MoO, * 2H,O
0.50mg/1L; CoCl, - 6H,O 0.81mg/L; MgSO, - 7H,O
5.13mg/L. RN 28 W) pH {8 35 ) & 8 i 7 gE K &
A E & #) Na,CO;(169d LART) it pH B zhis
HRELFEA 1lmol/L B NaOH ¥ (169d LAJE ) k5L
.

KA 2. #AHEER 3.EGSBRMH 4. HKk 5. =#
SEH 6. kH 7. BXSARRIT 8. EHRITERE 9. K
B 10 BOKRBIFE 11.pHEFEL 12.pHELREHHE 13,
HWHTRE 14. lmol/L NaOH HH IR
M1 AREESTTRETEN

Fig.1 Experimental apparatus and process scheme chart

1.2 463 B Bl oy B

COD:TL-1 A B35k COD # #{¥; pH :Orion
828 B it; pH ¥ : Milton Roy pH TELR#EHI 28 &
g RE KBREIT; SRE - ERBEE.WHE
KE pHEN 3.8; SETR: KEMNEKRET B
LML-2 B SEREIt; BKPRRSE . <M
Gtk AN AAEE LSRR ARAAN
1490GC-TCD, H B} 2.5m X 2mm AFH M, OV-
101 ik, R 70C , &l 358 B 100T , # £ | iR

B 100T ; HAHAVLER(VFA) : SHAIEE, LF
ABE S WINEE R A A K 1490GC-FID, &
BN 2.5m X 2mm A MNHE ,GDX-103 HEE(RE®%
3% BERR ), KR 180T , Kyl 2 IR ¥ 210T , BEAE 2R IA
& 200C ;SS 1 VSS: EE .

2 RESRESER

2.1 BMEMH T (pH7.2~6.4)EGSB X L #% B
B 1~59 X)

7 EGSB R 28 P EF IS IR IS , BN FF 44 78 3 K
COD 2 2000mg/L, fiff5 1.5kg/ (m* - ) M &MHF T
Jash. ZERT 7d WY, HEK AN Na,COs , 45 3R KR
M pHEHSE 1 XM 7.1 R&E T FE,5d FREK
AL 5.9, [RIET 7K K AL, COD £ BRZT B3|
M 53% 10 2 Bion . X B TE R & T L
HERB3 EGSB i miss. Hilk, N5 8 XFF4h, i
KB ENE B NayCO;. 7E M &M T, 5 SR 28 B 7K
S B R RITE 1d, 8@t 7 1R & R 2 A
R E R R AN E pHEK T HE. B3 55 X
B, pH EFEZE 6.4,COD BARAMIE 5.5 kg/(m*-
AR, CODHERBERETE 5% LU E(E 2 F1HE
3).EHINKNERINEIM T EGSB & M 2B &
HTHEs.
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Fig.2 pH values and alkalinities in the

reactor during startup period
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2.2 BEME&M(pH6.6~6.2) F EGSB & I 2% UiE
(5% 83~169 X)

SERJEshiE TE B THEEER, RNHFILE
7T 25d, W55 83 XIF4F,EGSB R W 28 JF stk & iz
T. A% 97~ 122 X, ¥ R M 2% WA pH 18 4k S FE K
E 6.4, B FFRNMNAFHEHAKBERN 550mg/L(LA
CaCO; it) .COD i i 24 Skg/(m’-d) ZEH , K £
%F COD 89 EBR RAERF7E 98% UL (B 4,5). % 125
~148 K, #EK B AR B Na,COs #F— 4 PRI Y 28
BWpHER 6.2 £4. EERARGELR I I Tkg/
(IR P RN EKSRE —-—HEFE
R 89 K F, XA 250mg/L £ 4, 4B JE I BL 8% XF
COD X BREMBERETE 96% LL L, KRB E+
FE 500 ~600mg/L Z[8].
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Fig.4 pH values and alkalinities of the reactor

during the 83rd ~ 169th days
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Fig.5 OLR and COD removal efficiencies of
the reactor during the 83rd~ 169th days

2.3 Bt (pH6.4~6.0) F EGSB W 28 #9i5
T(& 170~345 K)

ME 170 KAKBH pHHELXAERGZ LS
Wa¥E R D 8% N pH (B, K A& & FEK pH B 1T
F, M pH6.40 Hih, BXMEEN 0.1 B, BE
KRR #REEHTE pH6.0 WEMH TR EBIT(E6,7).
TEpH1H 6.4~6.1 BB T B, R M 8 19 COD %&

BAMEAREIFE 5.0kg/(m*-d) £4FH,COD £
FRBREESHUL EHE-RBHUR. ERITHER
M pHEEZEHAEREHE, EFTEEH KPP MA
—EBMELM. N\ 298 XHFh,pH AR TR H—
HEFE 6.0, RNt RIFRE fE/ 23 X
A, Skeg/(m? - d) B, COD 2% B F 1} 3% Bl
95% , 7S BN 5.48 L/d,CH, S8 57.6% ; Bt Ja ¥
25d N, BIES 321 ~345 K, AR I+ 3 7.5kg/(m? -
d),COD £BRFER N 91.4% , <&M 9.43L4,
CH, & 55.9%.
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Fig.6 pH values and alkalinities of the

reactor during the 170th~ 345th days
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Fig.7 OLR and COD removal efficiencies of the
reactor during the 170th~ 345th days

MESATH, MM =ARS pHEF X,
BB UL, 2 pH HBHE , K= 8 CO, B HIH
o, WiAHR 89 CH, S 2 MAF T, CH, M
pH{H 6.4 Bf 59 61.8% T F 3 pH 1 6.0 Bt
55.9% ;@ . FRP H, SE—HREFERMKK
WL EAR B 0.5% . F 8 BEIEIRA ,EGSB R M
BHEPY pHERRN K 6.0, BEE=SK$ CH, 58
HTE SS5% L E , SERPHERMETETHWIRE R
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fTH EGSB R W #f R T {h & s R a9 L CH,
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Fig.8 Gas production and gas compositions of

the reactor during the 170th—~ 345th days

£1ALE T HB B EGSB & i #87E COD fa
iR Skg/(m?-d)B, % pH {H#EH# A T iETHFEY
SPE. TH,EHRBE R T, BEE RN KN pH E
BT FE,COD LB FMAMN T M, HKESHE R
ALERBTHENEE, &ML HN 186.6 mg/L,
K VFANIEZ S LFREE.

3 HRWit

3.1 MMM LEEEENER

fEHEEW AR, EREERGT , HEENENE
SHTEM pHEZAHBME . REAHRE %
B pH 22 5 H AR XF 7= B Sr el 7= 4 H B A M H4E
A LB pH &SR BE R MWE VFA, IS VFA £

X1 CODERBHN skg/(m’-d)M R pH AT EGSB REBMNBITH M T YA
Table 1 The performance data of the EGSB reactor at different pH values when OLR 5 kg/(m?-d)

pH { #k COD 7k COD COD * B & i)k VFA(LL COD ) /mg-L7! BREEE (B CaCOs 3)
EBHS /mg-L~" /mg-L~! /% Z® ] T R / mg-L7!

6.4 3000 35.3 98.8 26.09 0.44 3.54 0 449.8

6.3 3000 51.0 98.3 319.6

6.2 3600 84.0 97.7 248.9

6.1 3000 142.6 95.2 44.53 43.22 12.66 27.11 186.6

6.0 3000 150.6 95.0 77.07 43.23 15.60 9.99 328.5

FHEEREIEMMEIN. I VFAR S Fd 7= B 5
HHARBEFARAREAZEER, THYT™
H 5ot #2178 H B 8 i+ 31 71 (proton force) BIJE A,
IR H B 25 F 45 (homeostasis)[*!, I T 5 B 7 H 4%
SEAPIE. BN RERESZG T HEREES
VFA B B TR B AR K7, ) 7> B pe oot 2 13 ik 4k
SEE 4T . {1 Florencio'® £ UASB % M 2§t , LI 1 A%
AEFEEFHBEENER ™ P KE, 7 pH4. 2,
COD & i fif i 3] 24kg/(m® - d), COD £ & X
54% FRENFRAETIBPNELE VFA 4 H
I, R RS IR VFA SRR, B LA UASB & A
HEPHBRZE4 2 NMEFREHN P IRENEN.

AR P B A, Y EGSB X M 2§ 7 pH6.0,
ik Skg/(m?-d)Bf, H COD XBRE N 95.2%,
Bopi s e B 7™ B e TG 1R ik 309.5mL/(g-d) . %
R ALASBETE pH6.0 TR EEITHEE B RHE &
EAMEE VFABRE XA 9. 1mg/L(LL COD it)].
Ht M pH T, VFA S E R ERMKKFE, 7
AR R E R P B RIS IR, IR 8 B 28 56

HiAH AEMEHE .S VFAREMNERXMEGT,

ERFEE WK™ B AEE, I Savant!® % A M
AEEEERBEYHVBRMHERN S 2 (pH X 5.7,
VFA % 9000mg /L) #1418 3| — Bk i BR B9 & & I
7= B LE Bl , 8 H A & 8 Methanobrevibacter aci-
didurans sp. ;Jain MR KL BB EATFRER
HARREE N BRI EMNES .
3.2 MHHRMATEITRER NS EEN®K
EEGERE RSP, NEFR S % pH, L%
BREaneE!Y HEARKE B, KA H KM E
P &% pH M F BT AR RL T B, B BF{X R 186.6
mg/L,E EFEH 245298 KEFAE, 0 T ¥ pH £l
6.1, EFEEHAKPIMAZEELER XEXHAER
HHERGETEITRERMN I HEENTRBMK, 5%
SEIIA N — B EE 1000~ 5000 mg/L B gEN
ABRAXEN EREKEZY . BENERETEREMR
BEAFRFPHE P HITTEMNZE RN BERER
NP FHHE P RIS RE A BFERE
i tE pH Tizf7 , B AT IS L WM EME. H
HEBEAGF TRERBUEITRERMNSE, ATWE
S, FALIE TR .
3.3 MUK HTREHAIBRBMISTREFE
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HRRPIAH, MAEYEAEN pHERTHE
HpHH , REEZHREATHESFASHNBERS,
B A ok DA 48 B 12k P 1) S 3R o TR T LA 4 45 HL 40 MR 0
pH & T HHHE, N HEYHE R BERG S
TR MR RSB E M RS R B TR,
EYHERRERLERAE, SBHEREZAARTEY
el AERERG TEAOREARNE S,
RENEHERTRETAAHE, BERAHMEN ™
RHTEEEE TR 2R PIH AR KLR %
BT 3FHEMSRA pHIH 5.5.6.0.6.5.7.0 &4
TR REKEL, SR R 3 #AEMSREE pH
5.5 B 1% K T8 /5. Brummeler'¥) 15 17 9 UASB
B AR T SRECETREIER, BI5REN
JREhBTAS 10g/L FRER 140 d B9 3.5g/L. AR K +
WM B RIS LN FERE pH(6.5~6.8)F
B3 iE 4T 55d, VSS BB M g # e  37g 3% n B
47.3g;Tm b G B K pH(6.4 ~6.0) T iE4T 238d
J5,VSS RETHRIN 10.2. BERKRFER A
RIS EMR pH FTETH, HE KT RANISRE
WEE i, ETEH—FHEAMR.

4 it

(1)38 3 %R AR ML 28 W pH M3EFT, /DR
EGSB R N 2§ P9 % (19 5 1 BURL TS T8 3 47 U 4 1%
35, 3R89 T R R A= H S BORLTS TR

(2)EGSB R W 7 pH{H 6.0~6.1 AIBR 5
HBTrFEZBEET 112d, H$,pH X 6.0, # K
COD 3 3 000mg/L,COD & fi ff & Skg/(m3-d)
Bf,COD EHEBRE RN 95.0% , BIFFEEEHN
57.6% ;7 pH A% 6.0, #F /K COD 44 000mg/L,
BFEBMAA N 7.5 kg/(m®-d)F,COD EH LB KR
90.9% , B F BN 55.9%.

() BRYERM T & 47 K& N 8% 7T LUK 5 2%
PN H) B BE 4k R 7E IR (K 7K %, 7 pH6.0,COD & R i
Tk 5 kg/(m?-d) B, K BB ENH 328.5

mg/L;COD HBAHH 7.5 kg/(m*-d) B, BIE X

27 404.8 mg/L.
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